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ABSTRACT 
 
This is a history of the theory of gravity from Aristotle to Newton. It is the thesis 
of this essay that the history of the feelings about gravity contains a message about 
the changes in attitudes toward nature that occurred in European cultures in the last 
3000 years. Hellenic and Hellenistic people revered gods who were associated with 
nature, and their attitudes toward gravitation expressed this positive feeling. The 
transition to Christianity was associated with the development of very negative 
feelings about nature that is clearly demonstrated by the moral character of the 
medieval theory of gravitation. The revolutions, that we call "Copernican" and 
"Newtonian" were, for the theory of gravity, a single rather slow evolution, and 
represented a great improvement in the value that European society placed on 
nature. 
 
PRE-SCIENTIFIC FEELINGS ABOUT SPONTANEOUS MOVEMENT 
 
The Greeks and Romans and probably most of the other prehistoric peoples felt 
that the whole world is animated by personalities of gods and demigods and that 
things happened because some one or some thing wanted it to happen. Even Plato 
(c. 427 - 347 B.C.) believed that the planets were gods. If someone had asked 
"Why do the planets move" he would have replied "Because they want to” or 
“Because it is their nature" or "Because some unseen god pushes them." 
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Roman landscape of scene from Odyssey, Pompeii 
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GREEK SCIENCE 
  
 Aristotle of Stagira (384 - 322 BCE) was a cheerful, optimistic and orderly 
person to whom each thing had its "natural" place in the universe. He thought that 
nature always tended to do what was good for man, that nature was logical, and 
that nature achieved the maximum effect with the minimum effort. This positive 
attitude about nature in general was expressed in his theory of gravity.  
 

 
 

Aristotle 
 
 Aristotle and his colleagues inherited a great body of notions about what we 
now call physics from the Egyptian and Babylonian technologists and proto-
scientists who lived and worked before them. The central notion for all ancient 
Mediterranean science was the belief in the four elements: earth, water, air, and 
fire. All of these people believed that the world was a mixture of these four 
primary fundamental materials. Aristotle added a fifth element: aether (Physics, v. 
1, p. 325), the stuff of which the stars and other things above the circle of the 
moon’s orbit were made. He believed that the five elements had different densities, 
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from earth, that was most dense, through water, air and fire, to ether that was least 
dense. (De Caelo, p. 400). He thought the world was eternal, but that if the world 
had a beginning, it would have started with a chaotic jumble of all of the elements 
mixed together, and that the unmixing of the elements was a natural inorganic 
mechanical process by which the world organized itself and became a better place 
(Physics, v. 2, p. 81). 
 

 
 

Renaissance image of Aristotle's Universe 
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 He thought that the natural place of all objects was determined by their 
relative heaviness and lightness (Physics, v. 1, p. 65; De Caelo, p. 401), that the 
Romans later translated into "gravity" and "levity" (Physics v.1, p. 351). One 
suspects that he had contemplated salad dressing rather too closely. Aristotle 
recognized several different kinds of spontaneous motions: rectilinear motion, 
rotational motion, and buoyancy. He observed that if a thing is displaced from its 
natural position in a density gradient, it will return to that position spontaneously 
(Physics, v. 2, p. 83). He also believed that the world tended spontaneously toward 
perfection, and that even if a thing had never been in its proper natural place, it 
would tend to go to that place (Dugas, 1955, p. 20). He also believed that the earth 
was nearly spherical for the same reason: a sphere is the most perfect form; if the 
earth were not spherical, it would become so spontaneously (Dugas, 1955, p. 23).  
 Aristotle was not as ready to see spirits and gods in nature as the average 
Greek. He believed that the planets were divine but inanimate objects (De Caelo, p. 
417), unlike his teacher Plato (429 - 348 BCE) who believed that the planets were 
gods. Aristotle thought that heavy objects fall to be with other similar heavy 
objects "so it can unite with the totality of the bodies to which it is related by 
nature" (Dijksterhuis, 1961, p. 178). Scholars in later times called this "the 
tendency toward the similar.” He believed that different types of physical rules 
applied in the heavens (above the circle of the moon) from those on the earth 
(Dugas, 1955, p. 21).  
 Aristotle, and many other proto-scientists, were puzzled by the idea that 
some forces like gravity and magnetism act at a distance. It was easier for them to 
visualize gravity and levity operating during the unmixing of contiguous bodies as 
when a stone falls though air or water. They could understand how an arrow was 
shot from a bow, but they could not understand how it continued to fly after it was 
no longer in contact with the bow string. Some Greek philosophers decided that the 
best explanation for all problems in what we now call “physics” was to believe that 
everyday physical reality is an illusion, as is time and change. Aristotle, on the 
other hand was a more practical person, and he tried to explain the flight of arrows 
and other actions occurring in what we now call a gravitational field. His results 
seem quite strange to us today, but it was a first attempt.  
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Apollo the archer from Louvre G341 
 
 Renaissance and modern historians have written that Aristotle did a poor job 
founding the science of physics because he had no interest in experiments. It is true 
that ancient Greek intellectuals were aristocrats who disdained dirty everyday 
experience and they had no respect for, or interest in formal experiments as we 
know them in science today. For them, there was only one activity lower and more 
distasteful than manual labor (that would have included scientific experiments as 
we know them) and that was cooking. Abstract topics in cosmology and geometry, 
however, were popular in educated circles. Astronomy, the field science of the 
most distant objects, was the nature study that interested them most (Dijksterhuis, 
1961, p. 11). But Aristotle was not a typical member of his class. It appears that he 
and several of his students experimented often although probably rather informally 
by modern standards (Schorr, 1932, p. 45).  
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 Both Plato and Aristotle believed that the earth was at the center of the 
universe (Physics, v. 1, p. 241; On Plants, p. 149). Aristotle considered the 
alternative, and decided that if the earth had ever been displaced from the center of 
the universe it would have rapidly returned to its natural place (De Caelo, p. 412; 
Dijksterhuis, 1961, p. 33). There were a few Greek intellectuals who thought that 
the earth rotated on an axis and the stars are fixed, but they did so on aesthetic not 
scientific grounds. There were others who thought that the solar system circled the 
sun. Only Heraclides Ponticus (388 - 315 BCE) and Aristarchus of Samos (310 - 
250 BCE)  
 

 
 

Aristarchus 
 
believed the earth revolved and rotated at the same time. These authors seem more 
modern to us, but not one of them had good evidence for his theories, and the best 
working model of the positions of the planets was an earth centered system 
developed by many people from many different cultures, and perfected by Ptolemy 
of Alexandria (Dijksterhuis, 1961, p. 63).  
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Ptolemy 
 
 Hellenistic scientists were very interested in practical applications of 
gravitational theories. Euclid of Alexandria (c. 300 BCE) wrote "A Book on 
Heaviness and Lightness", that has been lost. Archimedes of Syracuse (287 - 212 
BCE) discovered the concept of the center of gravity, and determined how to 
predict where the center of gravity would be in complex three dimensional shapes 
floating in water; said by some to be an early example of spin off from military, 
especially naval research (Dugas, 1955, p. 36 – 39; Stein, 1999, p. x) but more 
likely a product of his wonderfully creative mathematical curiosity.  
 



 9 

 
 

Archimedes 
 
It is not known if Archimedes thought that the whole earth had a center of gravity, 
probably not. It is most likely that the phrase, “center of gravity”, would be better 
translated as center of heaviness, the balancing point within an object from which 
the collective weight of the object seems to act.  
 The Greek word for heaviness that became the Latin word “gravitas” and the 
English word “gravity”, represented an attribute of objects and materials, not the 
name of a force or a force field (Physics, v. 1, p. 279). 
 
ROMAN SCIENCE AND LANGUAGE 
 
 While Aristotle, Archimedes, and other Greeks were pondering great truths, 
the people of what is now Italy were developing their own powerful capitalistic 
economy, and weighing out fruits and vegetables to each other in the markets. It 
was several hundred years before there were Latin speakers interested in physics.  
 In classical Latin, the noun "pondus" indicates the weight of an object. It is 
the root of our words "pound", "ponderous", "pay" and even the verb "to ponder.” 
The latter was clearly a metaphor, to weigh in the imagination, but most European 
language speakers have forgotten the origin. In Imperial times the transitive verb 
"pendo" meant to measure by weight, and came from the earlier Latin meaning of 
"pendo" to suspend or cause to hang down; to weight in a balance. This is the same 
root as for "pendant" and a "pendulum.” The transitive verb "expendo" indicates 
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the act of paying out, that in early Roman times often involved weighing both the 
goods purchased and the money paid or expended.  
 

 
 

19th century etching after Roman statue of Lady Justice 
 
 The word "gravis" was an adjective, that when applied to people, meant 
important, elegant, dignified, grave in manner, a meaning that has been carried 
perfectly into the English as in "Orson Wells conveyed a great sense of gravity in 
his mannerisms.” When applied to actions and conditions it meant unpleasant, 
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hard, painful, severe, harsh, as in "grave" as in a grave disease. It is the root of the 
English word "gravid" for pregnant. The Latin adjective "graviter" indicated 
seriousness of persons and things. The transitive verb "gravitas" meant to consider 
the importance or consider the consequence of something or someone. It can be 
translated figuratively as "to weight" as in "I weighed the importance of writing 
this essay and determined that it was a silly waste of time.” "Gravitas" was not 
used to indicate the physical act of determining weight. The verb gravo meant to 
load, to burden, to oppress, to trouble. It was used in the practical sense of loading 
up the pack on a donkey, or figuratively as in "to be oppressed by a cruel 
government.” Gravo can be translated figuratively as "to weigh down.”  
 The transitive verb "levo" meant to raise, to lighten, to make light. It is the 
root to the English words " to liberate", "relieve", "alleviate", "levitate", “leven” as 
in yeast bread, and even "levity.” "Levis" was used to describe the lightly armed 
and very mobile soldiers of the Roman Republic, an ancient light brigade (not a 
pair of blue pants nor a tribe of Jewish priests). It also meant light as in trifling, 
unimportant. "Levis" could also mean soft or smooth, fickle, unreliable, youthful, 
even light headed. The Latin word "levity" did not change in meaning and spelling 
as it passed into English. In classical Latin, levity and gravity are antonyms applied 
most often to personal characteristics (Follett, 1943).  
 When the time came that there were Roman intellectuals concerned with 
physics, most of them followed Aristotle's notions, even those who were opposed 
to him on other matters. They translated his idea that dense things fell and less 
dense things rose in the great salad dressing of life by using the words "gravity" 
and "levity.” Movement due to density contrasts began to be thought of as an 
inorganic, inanimate process. Aristotle believed that the planets were inanimate 
objects moved by mysterious invisible forces set in motion by a great 
consciousness called the "Prime Mover.” But most people of the northern 
Mediterranean did not yet feel this way. For them, when a tree fell in the forest, 
there was always someone to hear (the dryad if no one else), and probably 
someone to push it over. Deeply religious Greeks and Romans heard or read 
Aristotle's mechanistic, soulless explanations for physical processes, and found 
them repugnant (Dijksterhuis, 1961, p. 84).  
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 Now-a-days we think of natural scientists as the main students of nature, but 
in Classical times, there were also many mystical pagans looking into the natural 
realm. For example, the great magician, Apollonius of Tyana (fl. 1st century CE ) 
was generally interested in natural history. He studied animal behavior, botany, 
and earth science, partly to use in his magic, but mostly out of personal curiosity. 
He proposed mechanical explanations for many phenomena, such as volcanoes and 
earthquakes.  
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Apollonius of Tyana 
 
But he also believed that human sinfulness could bring on punishment by the world 
itself, that caused violent events such as earthquakes, or disasters such as floods, 
droughts and plague (Thorndike, 1923, v.1, p. 254). Thus, we can see that even a 
school of thought with a very positive attitude toward nature believed that sin 
could degrade some very large parts of the world. This theory was an important 
precursor to a major Christian doctrine that was related to the feeling about gravity.  
 Plotinus (205 - 270 CE) was one of the most important transition figures 
between classical Paganism and early Christianity. He combined elements of many 
different earlier philosophers especially Plato and Aristotle. Plotinus was a pagan 
but his Neo-Platonism became the foundation for intellectual Roman and medieval 
Christianity. Plotinus believed that man was a microcosm related to the world soul 
through his spirit, and related to nature through his body. Matter was infested with 
the "principle of evil" that was "absolute poverty", a sort of spiritual vacuum. He 
saw no reason to study nature He was antagonistic to "natural facts" and believed 
that much more could be learned by contemplation than by observation. He put no 
value on "the testimony of the senses.” He was an aesthete and mystic, and 
believed in various kinds of magic and demons. But, though he did not love nature, 
he had contempt for people who disliked nature because, he said, they did not 
appreciate the gifts that the gods had bestowed (Dijksterhuis, 1961, p. 47). 
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Plotinus 
 
CHRISTIANS GRAVITATIONAL FREE FALL 
 
 The first Christians were partly Hellenized Jews. They had inherited the 
Mosaic belief that the earth had been a paradise until Adam and Eve ate the 
forbidden fruit (that was probably more like a peach or apricot than an apple) and 
"with Adams Fall we sinned all.” After The Fall there were new spiny plants, and 
the earth was no longer a garden, but a wild, dangerous, and not usually fruitful 
place. Notice that the process of the degradation of nature is called "The Fall" and 
occurred in gravity without which there could be no falling.  
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Ancient fresco of Adam and Eve cover themselves  
with leaves after eating the apple. 

 
 In the Book of Enoch, that was written about the time of Jesus of Nazareth, it 
was stated that human sin had upset the period of the moon and the orbits of the 
stars, that had been in even more perfect harmony before The Fall (Thorndike, 
1923, v.1, p. 345). Philo Judaeus of Alexandria, a powerful member of the Jewish 
community in 40 CE, believed that matter was the source of all evil. He was a 
major influence on early Christian theologians (Thorndike, 1923, v.1, p. 349). He 
agreed with Enoch, that floods and lightning are natural mechanical processes, not 
supernatural, but they are punishments for sin. Thus, the early Christians inherited 
a double dose of nature fearing. Both the Hebrew and Hellenistic roots of the 
religion believed that human sin could cause nature to be dangerous to people. In 
many cases, both Jewish and Greek intellectuals believed that matter itself was 
corrupted by sin, and was itself evil.  
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Ancient copy of the Book of Enoch 
 
 The Gnostics were the most extreme dualists in early Christian times. They 
despised the world of matter. They believed that the world was evil and full of pain 
and suffering because it was made by Yahweh, who was a lower and inferior 
emanation of the Godhead. They taught that all matter was hopelessly evil and that 
the body was a trap set for the spirit. The Gnostic text, The Ascension of Isaiah 
published some time between 70 and 100 CE claimed that Mary did not give birth 
at all. Jesus just appeared. He never needed cleaning, never cried and had adult 
intelligence from the beginning. Most of all, he had no weight! (Ashe, 1976, p. 
124). 
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Byzantine icon of God the Father and Creator 
 
 In Roman Imperial and Medieval times, most people were too busy trying to 
stay alive to worry about physics. Tertullian (60 - 120 CE) a major early Christian 
theologian wrote "For us, curiosity [about science and nature] is no longer 
necessary after Jesus Christ." The experimental method of discovering truths was 
rejected. The only people who carried on experiments were alchemists and 
magicians. The Church taught that all magic was practiced by invoking devils, so it 
became impossible for a Christian to experiment. Things fell down because that is 
the way things were. They lived in a moral world where the spiritual and practical 
were completely united. Gravity became a moral and physical force that pulled all 
things toward the center of the earth.  
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Ancient mosaic of Tertullian 
 
 Saint Basil (330 - 379 CE) was one of the few people in the middle ages to 
take pleasure in nature and nature study. He saw "great wisdom in small things.” 
He believed that "not a single thing has been created without reason; not a single 
thing is useless." He recommended nature study as a step toward piety and a love 
of the Creator through His creation. But even he thought that human sin has stained 
all nature. He believed that before The Fall, roses had no thorns, and that the thorns 
were now a reminder that "sorrow is very near to pleasure" (Thorndike, 1923, v.1, 
p. 490).  
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Byzantine Saint Basil on left with his brother Saint Gregory 
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Byzantine Adam and Eve driven from the Garden 
 
 Much later, Hildegard of Bingen (1098 - 1179), also a great lover of the 
creation, complained that the very elements were "overturned and upset by human 
depravity and iniquity.” That even after The Fall, but before the murder of Abel, 
the world was only somewhat degraded. But the blood of Abel polluted all soils, 
and created deadly venomous reptiles (Thorndike, 1923, v.2, p. 137).  
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Hildegard von Bingen in ecstasy  
 
Alexander Neckam, Abbot of Cirencester, England (1157 - 1217) was another of 
those rare medieval theocratic nature enthusiasts. He studied animals, geology, and 
astronomy, and often gave naturalistic explanations. For example, he believed that 
the stains on the moon were the shadows of mountains and valleys. But he also 
believed that the stains were caused by the "sin of our first parents" and that all 
physical things were polluted and degraded. This explained the wildness of most 
animals, the existence of insects, disease, and all poisons, including those in 
venomous snakes, spiders, scorpions, and insects (Thorndike, 1923, v.2, p. 201). 
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Adam and Eve eat apple 
Nicolas of Verdun (1130 - 1205) 
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Late Medieval Adam & Eve in Garden 
 
 Dante Alighieri (1265 - 1321) represents the end of the middle ages. He was 
not only a statesman and a great poet, he was a natural philosopher who wrote 
original speculations on the relationship between the shape of the earth and the 
center of gravity (Alexander, 1986). In Dante's Inferno all things fell toward hell 
because they were part of the sin filled fallen and therefore falling world. The more 
sinful they were, the further down they fell.  
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Dante Alighieri 
 



 25 

 
Dante's idea of the levels of Hell 

 
 
 
 It is always hard to see with an other’s eyes, especially the eyes of another 
culture or an earlier stage of our culture. But consider the feelings of Brother Leo 
who saw Saint Francis (1181 - 1226) levitated several meters in the air 
(Boniscambi, c.1300, p. 176). You or I would feel that something or someone 
hidden was holding up Saint Francis. But to Brother Leo, gravity pulls down on the 
sin filled body of man and woman. The spirit, locked in the body is dragged down 
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too. But Brother Leo believed that Saint Francis was the most holy person and the 
perfect imitation of Jesus Christ. To Brother Leo, it was probably not so much that 
Francis was held up, as that Francis was not pulled down toward Satan locked in 
Hell. 
 

 
 

Fresco by Giotto of St. Francis floating in air 
 
 To the medieval, all physical objects, all of nature, especially the human 
body and wild animals, were cursed with The Fall of Adam and Eve. To be a 
physical thing was to be fallen, and only the unseen spirit could even have the 
possibility to rise above the sadness, pain and deprivation of the lives of ordinary 
people in the middle ages. If this is so, then the history of physics must also be the 
history a major change in attitudes to the natural world. Before Copernicus, the 
earth was believed to be the moral (perhaps we should say "immoral") and physical 
center of the universe. The most sinful things were closer to the center of the earth. 
Satan was in the middle of the earth, Judas Iscariot and the worst devils were near 
him, mildly fallen people were in the upper portions of Hell. The surface of the 
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earth was sinful, but not hopelessly. The sun, moon and planets were only slightly 
infected by original sin. They did not fall toward the earth. Above them, the fixed 
stars were the abode of the highest angels, and close to God. 
 
LATE MEDIEVAL THOMISM 
 
 During the later middle ages and early Renaissance, but before the 
development of "The New Science" of Leonardo da Vinci (1452 - 1519), Galileo 
Galilei (1564 - 1642), and the two Bacons, Roger (1210 - 1292) and Francis (1561 
- 1626), a complex, coherent, and poetical world view integrated what we now feel 
are the separate fields of cosmology, theology and physics. Intellectuals believed 
that there were three worlds, that existed side by side: the macrocosm, the 
geocosm, and the microcosm (Norwick, 2006, chapter 4). Each of these was a 
sphere, the sphere of the fixed stars, the sphere of the Edenic original earth, and the 
sphere of the perfect human head. These three realms were believed to be 
connected by spiritual sympathy (Norwick, 2006, chapter 3), poetic 
correspondence, gravity, magnetism, telepathy, and astrology (Nicolson, 1950, p. 
xxii).  
 But times were changing. In the 12th century, the School of Chartres took a 
vivid interest in physical problems and began to try to solve them through 
independent thought and inquiry. These people were reading Arabic translations of 
ancient Greek science, with important additions by original Arabic workers. They 
were attempting to construct a rational physical explanation of the Book of Genesis 
and of the constitution of the physical world. It had become unacceptable in 
intellectual circles to explain natural processes by the direct actions of God. 
Biblical citations became unacceptable explanations for natural processes or states.  
 

 
 

Scholars at work on Chartres Cathedral 
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 Some of the school even believed that although God had created the 
universe, it was now self-governing because God had preordained all that would 
follow. They believed that Nature was a female power created by God 
simultaneously with the world. She governed the world as God's deputy. She 
formed the human body and the works of nature, into which God places the soul. 
Nature only governs perishable material things (Norwick, 2006, chapter 1). The 
theory that nature was independent of God was called "naturalism" and it was 
considered heretical. However, it was not seriously attacked by Church authorities 
(Dijksterhuis, 1961, p. 121) perhaps because it seemed so peculiar to medieval 
people it never attracted a following outside a tiny group of natural philosophy 
faculty members in a few universities, mostly in France.  
 These proto-scientists, who were all priests, were attacked by other 
churchmen. They defended themselves by quoting Pope Saint Gregory the Great 
(pope from 590 to 604) who said "There is no merit having religious belief in 
something for which human reason furnishes evidence." They became 
Aristotelians because they felt that his work was more compatible with Church 
teachings than Platonism. This movement spread, especially through the work of 
the newly founded Franciscan and Dominican orders that included Saint Albertus 
Magnus (1193 - 1280) and Saint Thomas Aquinas (1225 - 1274) (Dijksterhuis, 
1961, p. 128). Another theologian and natural philosopher, Albertus of Saxony, 
was the rector of the University of Paris in 1353. He began to consider rather 
sophisticated problems such as: Is gravity uniform around the earth? and What 
happens to the position of the earth if there is more erosion of mountains on one 
side than on the opposite side of the earth? 
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St. Thomas Aquinas 
 
  It is ironic that the process by which science, philosophy and religion were 
eventually separated in our society began with the adoption of rediscovered works 
of Aristotle and the development of a highly integrated single theory of science and 
theology and all other learning that is referred to as "Thomism" after Saint Thomas 
Aquinas. The final irony is that this wonderfully integrated body of knowledge and 
belief set up the deadly conflict of religion and science as the latter advanced. And 
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the final irony is that "Thomism" was the main force that drove the new science to 
develop. Saint Thomas believed that there were different rules of physics in the 
heavens from the rules of physics below the moon (Dijksterhuis, 1961, p. 193). His 
teacher Saint Albertus Magnus believed that gravity was a moral force separating 
the spirit from the corrupt body.  
 

 
 

St. Thomas Aquinas 
 
 Like the great Moslem thinkers from whom he learned so much, Saint 
Thomas had complete confidence in the harmony of science and theology, because 
science and theology were both great ideas in the mind of God. He advocated 
scientific experimentation and nature study. He believed that "The works of God 
reveal His wisdom and power.” Saint Thomas preferred rational investigations of 
nature over reliance on authority, even the authority of Aristotle himself. He was 
disgusted by superstition. Although he was not from Missouri, he adopted the 
motto "I was present and saw it happening.” By the end of the 1200's, 
Aristotelianism had replaced Neo-Platonism as the major philosophic foundation 
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of intellectual Christians. Still, natural science did not become popular, and was 
not widely practiced. The majority of churchmen and women were still afraid of 
science, especially experimental science, but a small minority were able to study 
nature if they were careful not to anger their superiors.  
 Roger Bacon (1220 – 1292) the English Franciscan scientist was eventually 
imprisoned by his own religious order. Bacon wrote that the conception of the 
world should be based on reason (always under the control of God's revelation). He 
advocated experimental study of nature, and attacked contemplative medieval 
pseudoscience. He was interested in astrology and alchemy that he saw as 
potentially useful sciences that he wanted to purify of fraud. He saw the need for 
scientific study of agronomy and mechanics that could be used in commerce. He 
was interested in gravity and the strength of materials, but he made no lasting 
contributions to physics.  
 

 
Roger Bacon's Tower House on Bridge 

 
 His experiments included magic and mystical illumination. He was 
eventually arrested and charged with practicing magic (Dijksterhuis, 1961, p. 138). 
The Church was in a peculiar position with respect to magic. From the Apostles to 
the present the Church has believed that magic is real and powerful, but that it 
involves demons and therefore is sinful and forbidden. Some popular writers have 
claimed that Roger Bacon was the first martyr for science, but it is more likely that 
he was just another victim of the long battle within Christianity over whether there 
was such a thing as magic, and if so, was it always diabolical. 
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Translation of one of Roger Bacon's Books 
 
 Saint Thomas had made such a tidy package of theology and philosophy that 
those fields stagnated in the following century, but natural science began to grow 
and change. The study of gravity was hampered in the 1300's by the hold that Neo-
Platonism still had on intellectuals. For example, John Fidanza called Saint 
Bonaventura (1221 - 1274), a scholarly Franciscan (Thilly, p. 203) believed that 
things fall because they were made of the element "earth, the dregs of the 
elements." the lowest of all forms of nature, and because the bodily was repulsed 
by the heavenly. He also believed Aristotle's theory that like things attract 
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(Dijksterhuis, 1961, p. 178). Note that both attraction to like and repulsion by the 
holy are actions at a distance.  
 But times had changed since the deaths of Saint Francis and Brother Leo. 
When Brother Ugolino repeated the story that had come down about the flying 
Father (no relation to the flying nun), he wrote: "Saint Francis was raised a great 
distance above the ground in a physical and spiritual uplifting." (Boniscambi, 
c.1300, p. 127). This shows that even in the early part of the century, the notion of 
gravity had become secularized enough so that Ugolino felt that the Saint was 
lifted, not that the other less holy were held down. Gravity had become separated 
into a physical and spiritual force, so that when Ugolino wished to express the 
medieval attitude that gravitas and levitas were simultaneously spiritual and 
physical, he had to say so explicitly. Yet Ugolino was medieval enough to feel that 
levity (uplifting) was a physical force.  
 There were even a few people who were thinking in directions that we today 
believe were correct. It started with Jordanus Nemorarius (c. 1237). He was the 
first of the Terminists of Paris. They understood the modern concept of impetus 
and applied it to the motions of the planets and stars. This was perhaps the first 
application of terrestrial mechanics to the heavens. We should not assume that 
because these people agree with us that they thought the way we do, or reached 
modern (presumably correct) ideas by modern methods. For example, Nicole 
Oresme, Bishop of Lisieux (c.1382) a very important Terminist, believed that the 
earth rotated and the stars stood still. He chose this theory over the accepted theory 
at the time because rest is nobler than motion and activity, and he felt that the earth 
was base whereas the stars were noble (Dijksterhuis, 1961, p. 216). He taught that 
gravity was the attraction of all objects to each other regardless of the center of the 
universe. He believed that this theory of gravity was contrary to scripture (Dugas, 
1955, p. 63 - 64).  
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Nicole Oresme, Bishop of Lisieux 
 

In 1230, William of Ockham or Occam (1300 - 1350) the Franciscan who is 
usually remembered for Occan's Razor, was a theologian. He wrote that the 
precession of the equinoxes was due to the slow displacement of the earth about 
the center of the universe. Etienne Tempier, the Bishop of Paris wrote, in about 
1277, that plural worlds might be possible. By the early 1400's there were Parisian 
philosophers who proposed that there were an infinite number of worlds (Dugas, 
1955, p. 82 - 83). 
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William of Ockham 
 

 Cardinal Nicholas of Cusa (1401 - 1464), a German neo-Socratic 
metaphysician, who was second only to the Pope in the Vatican, was another 
radical scientific thinker at this time. He wrote that "It is not true that the earth is at 
rest in the center of the universe . . . that the elements all have their own natural 
places  . . .  that notably the celestial bodies differ fundamentally from the 
sublunary world, and that the earth is the most base and most despicable part of the 
universe. It is a star, just as noble as all the others, and it moves just as they do." 
This sounds very modern, but his reason for this bold statement was that God did 
not create hierarchies in the world, hierarchies are imposed on nature by people. 
After all Jesus did not like the rich and powerful, but the poor and humble.  
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Cardinal Nicolas of Cusa 
 
 Nicholas of Cusa did not accept the medieval notion that the universe was a 
small closed area around the solar system. He believed that the universe was 
infinite, but again, not on scientific grounds, but because God was infinite and 
needed an infinite space to be so. So we can see that he came to hold some of his 
new ideas about nature from reading scripture not from experiments and 
observations. However he was interested in experimentation. He and his followers 
determined specific gravities, buoyancy, assayed mixtures of metals, made water 
clocks to measure the pulse, studied falling bodies, sailing, magnets, and the 
humidity of air. 
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Jan van Eyck (1395 - 1441) The Saved rising into Heaven  
and The Dammed falling into Hell 
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THE RENAISSANCE, COPERNICUS AND GALILEO 
 
 As the Renaissance developed, these new ways of thinking were attacked by 
the orthodox religionists as immoral and incompatible with the bible. But their real 
complaint was that such liberalities in physics were likely to lead to 
unconventional interpretations in other fields. In this, the orthodox were correct. 
The many new ideas brought to Europe by the Crusades and trade with the Arabs, 
and the development of the middle class and a capitalistic economy were going to 
create serious problems for the Church. However, most of the Renaissance 
humanists did not help the progress of science at all, except that they opposed 
medieval ideas. Renaissance humanists put too much emphasis on Plato and 
philology. They had contempt for manual labor and material knowledge. They 
were generally ignorant of mathematics, as are many (most?) humanists today. 
They revered all ancient Greek and Roman authorities, good or bad. Worst of all, 
they had no respect for empirical studies and distrusted experiment and sense 
perception as a source of knowledge (Dijksterhuis, 1961, p. 225).  
 

 
Ghiberti's bas relief of God (left)  

finding Adam and Eve have eaten the apple. 
Baptistery, Florence c. 1430 

 
 But the Renaissance did produce some people who began to ask questions 
about physics that could not be answered by the intellectuals. The artists, 
engineers, architects, canal builders, fortification designers, instrument makers, 
clock makers, cartographers, and military technologists needed to understand 
forces, especially the force of gravity. People like Leonardo da Vinci (1352 – 
1519), and Albrecht Durer (1471 - 1528) came from the middle class (Dijksterhuis, 
1961, p. 243).  
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Durer's The Fall of Man 
 
 They had a job to do. They were not overly impressed with classical and 
medieval authorities. They had an interest in theory, but they did not make 
significant contributions to physics because they were too empirical or because 
they were still too much a part of their society. For example, Leonardo claimed to 
be a complete radical with no influences from the classics, yet he failed to develop 
a clear understanding of gravity because he felt that each falling object has "a 
spiritual faculty  . . .  that imparts to those bodies an active life." (Dijksterhuis, 
1961, p. 257). Neither the Renaissance humanists nor the technicians made 
significant contributions to an understanding of gravity or any other important 
scientific study, but both were important because they helped undermine anti-
scientific traditions of the Church.  
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Leonardo da Vinci self portrait in old age 
 
 There were no significant theoretical contributions to astronomy between 
1400 and 1600, but there were many empirical studies of the motions of the planets 
(Dijksterhuis, 1961, p. 272). There were numerous new cosmological systems 
proposed, most of which had no basis in fact. Several cosmologists objected to the 
classical system because it was so complex they said God would never have make 
anything so clumsy. There were at least three early heliocentric models proposed 
largely on aesthetic grounds, but these models were so general that it was not 
possible to test them. None of these models made any impact on the theory of 
gravitation.  
 Nicholas Copernicus (1473 - 1543) was a priest as well as an astronomer. He 
did not publish his great works during his life. He was the first person in human 
history to propose a testable heliocentric model of the solar system. It is important 
to note that he did not do this on empirical evidence, but on the Platonic aesthetic 
principle that celestial motions are perfect and therefore must be circular. 
Furthermore, Copernicus felt that a spherical object must rotate on its axis, and 
revolve in a perfect circle, just because it is spherical. His model was very 
aesthetically pleasing. All of the planets revolved about the sun in a plane. They all 
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moved in the same direction in concentric circles. The angular velocity decreased 
with increasing distance. It is a pretty and symmetrical picture.  
 

 
 

Nicolas Copernicus 
 
 Copernicus made almost no impact on his culture, or even on other 
astronomers for almost 50 years. His book was not even noticed enough to be 
banned until 1616 (Dugas, 1955, p. 84). Then astronomers did notice that his 
predictions for the positions of the planets were a little better than Ptolemy's. 
Astronomers began to use his tables, even those who did not agree with him 
(Dijksterhuis, 1961, p. 299). Copernicus believed that the center of gravity and the 
geometric center of a planet must coincide. He believed that the round shape of the 
sun, moon, and planets proved that each of these objects had its own gravity that 
caused it to be spherical.  
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Copernicus' diagram of the solar system 
 
 A major part of the resistance to the Copernican theory should have been the 
realization that moving the center of gravity of the universe corrupted the unity of 
science and religion that had been developed during the middle ages. If the center 
of the solar system was the sun, did that mean that the sun was the center of 
gravity, both moral and physical? The sun was made by God and pronounced to be 
"Good.” Was the gravity of the earth a sign of evil but the gravity of the heavenly 
bodies good and a sign of their blessed state? Theologians and scientists ignored 
this dilemma. For example, Tycho Brahe (1546 - 1601) believed that the attraction 
of the sun for the planets was different from the attraction of the sun for the earth.  
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Tycho Brahe 
 
 The worst problem that Copernicus posed to medieval thinkers, and even 
Renaissance workers such as Kepler, was that they believed there was a magical 
connection between the five known planets, Mercury, Venus, Mars, Jupiter, and 
Saturn and the five regular solids. Euclid had shown that there could only be five 
regular solids, so if the earth is a planet, then there must be no mystical relationship 
between the planets and geometry (Dijksterhuis, 1961, p. 303).  
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Kepler's model of the planets and perfect solids 
 
 But what Immanuel Kant labeled the "Copernican Revolution" had hardly 
any effect at first. It rapidly became know to the public, but only a tiny number of 
natural philosophers took it seriously. Most people, educated and otherwise, 
thought that if the earth moved, one would feel the motion, as one feels the motion 
of the body in a swing, on a horse, or sliding down a banister. Ironic verses 
directed at the laughable notion that the earth moves may well have been the major 
medium by which the notion was spread through Europe (Nicolson, 1950, p. 98). 
None the less, the idea that all objects attract each other did spread. For example, at 
that time it was speculated that the highest parts of the continents were under the 
band with the largest concentrations of stars, because the stars pull up on the earth 
just as the moon attracts the tides (Alexander, 1986). Notice that gravity is a force 
that acts at a distance in this theory. It is external to the object that is falling, and it 
is a physical, not a moral force.  
 



 45 

 
 

Title Page of Copernicus' book on the Solar System 
 
 Copernicus himself was not very interested in better data, he was completely 
convinced that he was correct, because he believed that God made a harmonious 
universe, and a perfect one. Perfect motion, according to Plato, was circular 
motion. The planets are spherical, therefore they must rotate (that makes a circle) 
and revolve about the sun in a circle. Copernicus personally considered his major 
contribution to science the development of this aesthetic argument. He felt that he 
was correcting the slander of God's creation implied in the belief that the Creator 
would make something as inelegant as Ptolemy's system. However, because of 
Copernicus, Tycho Brache (1546 - 1601) and Johannes Kepler (1571 - 1630) were 
not satisfied with the old data, and eventually they produced evidence that the 
planets do not follow Ptolemy's complex system, nor do they follow circles. The 
planets make an ellipse in which the sun is at one of the foci. Kepler was a great 
astronomer. He was also a mystic, and an astrologer. He believed that there was 
one kind of gravity in the universe, that was due to the mutual affection between 
"parent bodies.” By which he meant that the planets had been made by God from 
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the same material, and that which was pulled apart wanted to return to be one 
(Dugas, 1955, p. 118).  
 

 
 

Copernican Solar System 
 
 The late Renaissance was also the time of the Reformation. One might 
expect people who are radical in religion to be radical in other ways, and the new 
Protestants were a little more likely to accept new scientific ideas than Catholics. 
But only a little. For example, Lambert Daneau (1530 - 1595) was a Protestant 
convert who became a minister, and professor of theology at Geneva. He was 
interested in natural history, and wrote several books attempting to prove that the 
Bible and science were in agreement. He explained the existence of poisonous and 
harmful things in nature by The Fall.  
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Lambert Daneau 
 
 The world of physics was also undergoing a revolution through the work of 
Galileo. Freshman physics books often suggest that he made the first experimental 
studies of gravity. There is a myth, still told in high schools, that he dropped balls 
off the Leaning Tower of Pisa. These are good stories, but they are not so. There 
were many early experimenters, most of whom were most interested in military 
applications: how can arrows be improved, what is the best angle to direct the fire 
of catapults and early canons to maximize distance. It had been discovered that 
Aristotle's assertion that heavier things fall faster than lighter things is true of 
cannon balls versus feathers but that all cannon balls of the same diameter but 
different density and weight fall at the same speed.  
 



 48 

 
 

The Leaning Tower of Pisa 
 
 Galileo Galilei’s (1564 – 1642) most important works involved balls rolling 
in groves down inclined ramps. But his major contribution was probably his 
change of orientation. In his early years, Galileo, like other people of his time, saw 
gravity as a philosophical and moral as well as a physical process. Then, in his 
middle years, he gave up all questions of the philosophical and theological cause of 
motion and "confined himself to becoming acquainted as accurately as possible 
with the way in which they took place" (Dijksterhuis, 1961, p. 337). He noted that 
saying that "something falls because of gravity" was only to name the process, but 
not to explain it. So he gave up trying to explain it. He came to believe that all 
motion is inorganic and non-spiritual. Thus, he is one of the people who caused the 
secularization of the European world view.  
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Galileo Galilei 
 
 Galileo was very interested in astronomy, and made major contributions by 
discovering sunspots, the craters of the earth's moon, the phases of Venus, and the 
existence of the moons of Jupiter. He discovered that there are clusters of stars, of 
which the Milky Way is the largest. He showed that Saturn was not spherical. 
There were several comets and new stars (novae) during this period. The novae of 
1572 and 1604 created popular terror, and most Europeans expected the Second 
Coming (Nicolson, 1950, p. 101). Galileo confirmed Tycho Brahe's discovery that 
comets were in the same region of space as the planets, unlike meteors, that are in 
the atmosphere, and novae that are in deep space. He demonstrated that if the earth 
moved, the motion would be undetectable by everyday observation.  
 There were significant emotional and spiritual corollaries to these scientific 
discoveries. Many of his contemporaries felt that moon craters, sunspots, comets, 
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and the non-sphericity of a planet showed that the universe outside the orbit of the 
moon was not perfect, that violated a belief that had been held by almost all people 
in classical and medieval times. The moons of Jupiter, and star clusters showed 
that Ptolemy's system was incomplete, and suggested that the other planets were 
worlds, perhaps like our world. If this were so, what was the meaning of the 
Christian religion? Did it apply to those other worlds? Did the difference in 
gravitational center on these other worlds represent a different moral order? For 
example, had the other worlds been created at the same time as our planet? Did all 
the planets suffer from the Fall of Adam on Earth? Or were they Edenic? Were 
there other saviors of the inhabitants or did Jesus appear there too? 
 

 
 

Galileo's book on world systems 
 



 51 

 Galileo's successors went even further. They discovered that there is no 
absolute up or down, east or west in the universe, and that position and motion are 
both only relative to something else. They discovered that the universe was much 
larger than the solar system (Duncan, 1913, p. 20), and the sun was probably not 
the center of the universe. Perhaps most radical of all, they applied Galileo's 
gravitational theories to the planets themselves. This was not the first time the laws 
of the lower regions were applied to the heavens. The Paris Terminists had tried it, 
but it did not make much of an impression on the scientific community and had no 
impact on popular culture. But by that time there were other ideas and feelings 
about nature, even in very conservative circles. For example, Father Francois 
Placet in his book Corruption of the Great and Little Worlds of 1666 wrote that the 
sun lost seven-eighths of its light at The Fall, and that before The Fall, the moon 
was as bright as the sun (Thorndike, 1923, v.8, p. 326). Thus the ancient feeling 
that all matter had been corrupted was retained and spread to the heavens, even 
among people who seemed extremely orthodox.  
 

 
 

Vision of Hell painted by the German Georg Schuffner in 1753,  
church ceiling, Glava, Eastern Varmland, Sweden 

 
 The most obvious signs of "The New Science" were scientific societies, like 
the British Royal Society, that pledged to avoid the problems of "Divinity, 
metaphysicks, moralls, politicks, grammar, rhetoric, and logic.” They set 
themselves out to read "The Great Book of Nature" by field studies and experiment 
(Duncan, 1913, p. 29; Norwick, 2006, chapter 9). The new ways of thinking not 
only influenced scientists but popular culture. The arts began to reflect the changes 
in the notions of the character of the natural world. But things happened slowly. 
For example, Milton (1608-1674) used images from Ptolemy and Dante in 
Paradise Lost even though he was personally acquainted with and supported 
Galileo by having Adam take the side of the Copernicans in the book (Duncan, 
1913, p. 40).  
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UNDER THE APPLE TREE  
 
 The application of rational and algebraic models to planets produced the 
science of celestial mechanics, that lead to the work of Sir Isaac Newton (1642 - 
1727), who employed the ideas of Copernicus and the data of Kepler. He intended 
to use physics to read the heavens, but to modern physicists, he seems to have used 
the solar system as a giant laboratory to develop and test his physical principles; 
and it worked. The idea that an apple and a planet behave in the same way for the 
same reasons, revolutionized European attitudes toward nature and science and 
even toward religion. Between Kepler and Newton, the ideas developed that the 
world is a great mechanical device, constructed by God, but so well made that it no 
longer needed His day to day attention (Norwick, 2006, chapter 3). The earth lost 
its central position in the universe, and gravity became an inanimate and non-
judgmental force that pulled equally at Saint Francis and the rest of creation.  
 

 
 

Sir Isaac Newton 
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 Scientists still agreed with Robert Boyle (1627 - 1691) that "God has also 
revealed himself in nature" (Dijksterhuis, 1961, p. 442) but the 'mechanism' of the 
European world picture had led to the conception of God as a "retired engineer" 
(Dijksterhuis, 1961, p. 491).  
 

 
 

Robert Boyle 
 
A machine has no internal spirit. Its actions are not random. Each motion is caused 
by a preceding action and each action in turn causes further actions. It is self 
propelled in many cases. The image of the universe as a machine implied that there 
was someone (God) who made the machine, and that there was a final purpose for 
which the machine was constructed. If one could study the machine one could 
perhaps discern the intentions of God in making it. People began to see science, 
especially the field sciences of astronomy, geology, and biology as useful because 
one could perhaps discover the purpose of life by observing the orderly functioning 
and productions of the machine that is nature. It does not seem accidental that this 
was also the period in which the first great landscape painters, Claude Lorraine and 
Salvador Rosa worked. It was also at this time that the horrors of the witch trials 
ceased (1600 - 1700).  
 The changing image of the universe from classical to medieval to modern 
times has created a set of interacting and somewhat contradictory feelings about 
the world. The Christian reaction to the classical world produced a negative vision 
of nature that was expressed in the belief that all physical objects were falling 
because they were part of a fallen world. The medieval Christian spirit could only 
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prosper by separating itself from physical reality. Saint Francis and Saint Thomas 
Aquinas began the attack on this position by finding God in Nature. The 
Copernican and Newtonian revolutions were able to destroy the moral 
interpretation of gravity, and free the European imagination to begin to value 
nature more. Ironically, this liberation was accomplished by removing the soul 
from inanimate objects, and so it created the image of the world as an abandoned 
machine. This was very helpful to the progress of science, and in the development 
of the positive value that our society places on nature, but it alienated many 
nonscientists who needed to feel that nature had a spirit in order to give value to 
the nonhuman world. 
 

 
 

Theillard de Chardin on the outcrop 
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 Most of us do not find meaning in the inorganic physical world, but to 
Theillard de Chardin, Catholic priest, theologian, and paleontologist, the gravity 
that holds the galaxies together is the power of love. So we have gone from a 
society in which gravity was a sign of the fallen state of physical reality, to one in 
which some remnants of the medieval true believers can find that gravity is the 
proof of the love of the heavens for each other.  
 
 

 
 

Spiral galaxies in collision due to gravity 
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